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© Apparatus and method for direct memory to peripheral and peripheral to memory data transfer. 

© A multi-microprocessor implemented data processing 
system (10) having a single cycle data transfer capability for 
its memory mapped peripheral devices (16) is described. A 
host of controlling microprocessor (12, 14) provides address 
and control signals for memory (24) accesses. In addition, it 
also determines that a peripheral (16) operation is desired. 
When this occurs, a command is sent to the selected 
peripheral and a memory cycle, fetch or store, for the data 
transfer is initiated. The address bus is provided with the 
memory address for the needed data and a special decode 
that indicates the unique nature of this memory access. Logic 
circuit means (26) are provided to detect the special decode 
and to intercept the data bus (22) at the appropriate point in 
the bus cycle in response thereto. The logic circuit means is 
adapted to then responsively apply the correct control 
signals to the peripheral (16) to enable the desired data 
transfer after the data bus has been intercepted. 
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APPARATUS AND METHOD FOR DIRECT MEMORY TO 
PERIPHERAL AND PERIPHERAL TO MEMORY DATA TRANSFERS 

Background of the Invention 

1. Field of the Invention 

This invention is concerned with data transfer in a multi-microprocessor 
implemented data processing system that emulates a mainframe system. More 
5 particularly, this invention 16 directed to optimizing the performance of 
such a system insofar as the transfer of data between main memory and 
peripheral devices is concerned. 

2. Description of the Prior Art 

The emulation of "mainframe" data processing systems through the use of 
10 microprocessors has become a reality. A typical mainframe data processing 
system would be any one of the System/370 (S/370) models available from 
International Business Machines Corporation. The Personal Computer XT/370, 
a "desktop 91 System/370, also available from International Business 
Machines Corporation, is one example of such a microprocessor implemented 
15 mainframe. This particular desktop system is a hardware /software package 
that allows one to run Sy6tem/370 application programs in a single user 
environment, to run a6 a terminal attached to a mainframe host or to run 
in a stand-alone mode as a personal computer, as required by the particular 
application. There are, of course, similar systems available from other 
20 manufacturers, all of which systems incorporate many of the same functions 
as the Personal Compuet XT/370 although the manner and means of implemen- 
tation does differ, in varying degrees, from system to system. 

Due to revolutionary advances in chip, densities and packaging, which have 
been accompanied by significant reductions in costs, many mainframe 

25 features can now be implemented directly in a desktop system, while other 
features require some hardware and/or software assistance in order to make 
them available. The introduction and use of more powerful microprocessors 
such as, for example, the 8086 and 8088 from Intel Corporation and the 
68000 from Motorola Corporation, added further to the list of functions it 

30 would be possible to implement in a desktop mainframe. This new breed of 
microprocessors is fully capable of running a large, enriched instruction 
set, such as that of System/370, although several of these microprocessors, 
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working in concert with the aid of additional hardware and/or software 
support, would be required to effect instruction execution in an acceptable 
time period. It will also be appreciated that presently available micro- 
processors, while remarkable for the functions they do offer, are not 
5 capable of providing all mainframe capability without system compromise. 

Thus, as in all data processing system designs, various trade-offs are 
made in order to optimize the price and performance of these microprocessor 
implemented desktop mainframes. One particular trade-off problem is posed 
by the need or desire to utilize certain mainframe functions and features 

10 that would be particularly difficult to provide in a microprocessor 

implemented desktop mainframe. Another type of trade-off problem is posed 
by the requirement that all architectual constraints of the emulated 
mainframe be adhered to so that user programs can be run without concern. 
One specific implementation problem of concern, due in part to such 

15 trade-off 8 being made, is that of optimizing the operation of data 
transfer to and from peripheral devices. 

In a data processing system Implemented with one or more microprocessors 
and including a plurality of peripheral devices, the data path between 
main memory and the peripheral devices represents a potential performance 
20 problem. The peripherals are "slave" devices, that is, they have no 
built-in intelligence or memory access capabilities. Commands and data 
must be transferred to and from a peripheral by the host microprocessor. 
In those systems where the peripheral is a memory mapped device, there is 
control logic between the host microprocessor and the peripherals as well. 

25 The control logic, among other functional responsibilities, decodes the 
address and control bus to determine if the host is transferring a command 
or data to or from a peripheral. If so, it then intercepts the bus and 
provides the proper control signals at the peripheral of interest to 
perform the data transfer. This means that data from memory must be first 

30 read by the host microprocessor into its internal storage area and then 
transferred to the peripheral. Similarly, results must be read from the 
peripheral into the internal storage area of the host microprocessor and 
then written into main memory therefrom. This operational data flow, via 
the host microprocessor's Internal storage area, requires two host bus 

35 cycles to transfer one data element between main storage and a peripheral 
device. 
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In a microprocessor implemented mainframe, this data transfer approach 
will result in system performance degradation, particularly if the 
peripheral is a high usage device. Thus, while it would be possible to 
utilize standard data transfer arrangements and methodology in a micro* 
5 processor implemented mainframe data processing system, the performance 
penalties associated with that approach to the data handling are not 
acceptable. 

Objects and Summary of the Invention 

Accordingly, it is a principal object of the present invention to provide 
10 means and a method that will permit a multi-microprocessor implemented 
mainframe data processing system to transfer data between main memory and 
a peripheral device in an optimized manner* 

It is also a principal object of the present invention to provide such 
means and methodology in such a system that avoids the need to route data 
15 through the internal storage area of the microprocessor in control of the 
system in effecting data transfer between main memory and a peripheral 
device. 

It is a further object of the present invention to provide means and a 
method for effecting such data transfers in only one bus cycle of the 
20 processor in control of the system. 

These and other objects of the present invention, as claimed, are achieved 
in a multi-microprocessor implemented, mainframe emulated data processing 
system by providing a single memory cycle data transfer capability for its 
memory mapped peripheral devices. The microprocessor in control provides 

25 address and control signals for memory accesses. In addition, it also 
determines that a peripheral operation is desired. When this occurs, a 
command is sent to the selected peripheral and a memory cycle, fetch or 
store, for the data transfer is Initiated. The address bus is provided 
with the memory address for the needed data and a special decode that 

30 indicates the unique nature of this memory access. Logic circuit means are 
provided to detect the special decode and to intercept the data bus at the 
appropriate point in the bus cycle in response thereto. The logic circuit 
means is adapted to then responsively apply the correct control signals to 
the peripheral to enable the desired data transfer after the data bus has 

EN9-83-029 



0139254 



-4- 

been intercepted. 

Brief Description of the Drawings 

The invention will be described further, by way of a preferred example 
thereof, with reference to the accompanying drawings wherein: 

5 FIG. 1 schematically illustrates a simplified block diagram of a multi- 
microprocessor implemented mainframe data processing system which includes 
control and main memory storage; and 

FIG. 2 schematically depicts, in greater detail and in accordance with the 
present invention, memory to peripheral and peripheral to memory data 
10 transfer means used in the FIG. 1 apparatus. 

Description of the Preferred Embodiment 

The present invention is to be explained in the context of a mainframe 
desktop system that has been implemented with at least two microprocessors. 
More particularly, this resultant system has been adapted to emulate a 

15 System/370 mainframe. For those requiring further information on the 
instruction set of this mainframe and details of System/370 functions, 
reference should be made to the IBM System/370 Principles of Operation 
(Manual No. GA22-7000) , which is available from the IBM Corporation. In 
addition, those requiring further information on the details of the 

20 desktop mainframe referred to herein should refer to Technical Reference 
Manual for the IBM Personal Computer XT/370 (Manual No. 6936732). 

It will be understood by those having skill in this art that mainframe 
implementation can be achieved by use of only a single microprocessor. 
Alternatively, a plurality of microprocessors, equal to or different from 

25 the number used herein, could be employed to emulate a mainframe system. 
Further divergence in system configuration is possible as a result of 
variations in instruction set partitioning schemes and the manner in which 
the subsets are then emulated. Examples of this multiple microprocessor 
implementation approach are more completely described in EP-A-92,610. 

30 Therein, a System/370 instruction set is partitioned in accordance with 
several criteria and the subsets thereof are each implemented on one or 
more of a plurality of microprocessors, but not all necessarily in the 
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same manner. 

An illustrative desktop mainframe data processing system 10 i6 shown in 
FIG. 1. As depicted in the simplified system block diagram thereof, a 
primary processing unit 12 and its associated secondary microprocessor 14 
5 are connected to a local processor bus 18. A floating point peripheral 
chip 16, for example an Intel 80287, i6 also connected to the processor 
bus 18. Local bus 18 is connected, in turn, by bus-to-bu6 adapter 20 to 
the system bus 22. Main storage 24 and the secondary control storage 26 
are both connected to the system bus 22. The primary processor 12, second- 
10 ary processor 14 and the floating point peripheral 16 are also responsively 
connected to processor control logic means 28 which incorporates processor 
control and Interface logic and some private storage therefor. Certain 
aspects of the control logic means 28 shall be discussed hereinafter in 
greater detail. 

15 In the particular embodiment described herein, primary processor 12 is 
assigned the responsibility for performing all instruction fetches and 
operand address calculations for all of the processors used in the system. 
It also performs execution of all fixed point instructions, contains and 
maintains the general purpose registers, instruction length codes, 

20 condition codes and instruction addresses, recognizes system interrupts 
and provides indications to the system that a main storage instruction 
fetch or operand access is required. In addition, primary processor 12 is 
also able to provide an "indication to the system that a change in 
processor control is needed. 

25 Secondary processor 14 performs execution of all system control instruc- 
tions and maintains all of the control registers. When necessary, it 
performs the service processor function and provides indications to the 
system of main storage operand access and private storage microcode access. 
In addition, secondary microprocessor 14 is able to provide the system 

30 with an indication that a change in processor control is needed. 

Floating point peripheral chip 16 performs execution of all floating point 
instructions, containing and maintaining all of the floating point 
registers. It also provides the system with an indication of main storage 
operand access and of a need to alter microprocessor control. Alternative- 

35 ly, these floating point functions can be provided by a microprocessor 
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The mainframe instruction set is thus allocated for execution among the 
several processors. Primary processor 12 is provided with limited on-chip 
control store that can be utilized to store mainframe instruction 
5 responsive microcode and/or microprocessor interface and control microcode. 
It will be recognized, given the fixed quantity of on-chip control store 
available , that the instruction responsive microcode and the interface 
microcode reside in control store each at the cost of the other. A greater 
amount of one type of microcode in on-chip control store residence means 

10 that a lesser amount of the other type can be accommodated therein. If a 
more functional microprocessor interface is desired, with an attendant 
higher cost in supporting microcode, there will be less room in control 
store for instruction responsive microcode. From a performance standpoint, 
it is best to keep the interface simple and leave as much control store as 

15 possible for instruction code. The present invention facilitates and makes 
this possible. In this embodiment, for example, it has been decided to 
place microcode for the most frequently used mainframe instructions in the 
control store of microprocessor 12 and to use a relatively simple inter- 
microprocessor interface that requires minimal microcode. 

20 A main storage module 24 is attached to system bus 22 and used as needed 
by processors 12 and 14. It is assumed that the processor local bus 18 and 
microprocessors 12 and 14 all include 24 bits of addressing to accommodate 
the addressing structure of the mainframe to be implemented. It may be 
necessary to slightly modify currently available microprocessors to 

25 achieve this addressing capability. The secondary processor 14 uses 
off-chip control storage module 26, as may be necessary, for its own 
microcode and scratchpad functions. Processors 12 and 14, floating point 
peripheral 16 and processor control logic means 28 arc interconnected 
together by and pass information to each other on the processor local 

30 bus 18. The microcode required by primary processor 12 and resident in its 
on-chip control store includes the microcode for primary processor memory 
accesses and related instruction decoding and execution. The microcode 
required by secondary microprocessor 14 resides in control storage 26 and 
is accessed via the system bus. 

35 Because all of the available address bits or lines In a microprocessor 

implemented mainframe will be needed to define and emulate the mainframe's 
EN9-83-029 
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virtual storage, it would not be effective to divide all possible storage 
defined by the available address bits between virtual main storage and 
control storage. Since all of the available address lines are needed to 
define virtual storage, prior to calculation of the real address involved, 
5 there is no direct manner of using those same address lines to also 

identify unique control storage addresses. An additional address line is 
required and implemented to distinguish main storage from control storage 
accesses. 

Although shown as two separate modules, and they are from a logical stand- 
10 point, main storage and control storage are a physically contiguous block 
of random access memory (RAM), with an exception to be discussed below. 
The dividing line between storage modules, as described herein, is the 
dividing line between real main storage and control storage. In this 
illustrative embodiment, the main storage module 2 A runs from address 00000 
15 to address 77FFF (hexadecimal - hereinafter hex). The control storage 
module 26 runs from address 78000 to address 7FFFF (hex) . The addresses 
used herein have been selected to simplify and facilitate this description. 
Those having skill in this art will recognize that the address limits for 
each memory module are a design choice and that the manipulation of more 
20 than one address bit, to steer between main and control storage, may be 
necessary. 

Private store 30, referred to previously, is logically a portion of off- 
chip control storage 26, but is physically located in the processor 
control logic means 28 and mapped into a reserved segment of control 
25 store 26. The reserved segment of control store 26 is typically about 256 
bytes long, although it can be greater. Private store 30 includes one 
unique memory mapped address for each peripheral connected to the system 
bus. An access of any one of these peripheral addresses will invoke a bus 
cycle alteration when needed to provide the required synchronization. 

30 The processor control logic means 28 is connected to bus-to-bus interface 20 
via bus feeder 18a. Also physically located in the processor control logic 
means 28 are a pair of override latches (not shown) that serve to steer 
memory accesses from processors 12 and 14 to either the main memory 
storage module 24 or to the off-chip control storage module 26, as is 

35 explained in greater detail in EP application 84109396.6. 
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Data transfer to and from the memory mapped peripherals of the present 
system is tiandled in accordance with the apparatus shown m FIG. 2 and via 
the methodology explained hereinafter. The FIG. 2 apparatus is invoked 
after primary microprocessor 12 has received and decoded an instruction 
5 requiring use of a peripheral. This approach to data transfer contemplates 
that a peripheral to be serviced can be tightly coupled to the data bus 
and appropriately conditioned to timely write data to or read data from 
bus 18 without intermediate storage in the primary processor. For purposes 
of this description, that peripheral is assumed to be the floating point 
10 chip 16. In order to facilitate understanding of the FIG. 2 apparatus, the 
normal status ot a logic signal will be parenthetically indicated near the 
line carrying a particular signal. A logically low signal will be indicated 
as (L; and a logically high signal will be indicated as (H). 

When a floating point instruction is encountered by primary processor 12, 
15 it initiates action to utilize that peripheral. Primary processor 12 
performs the rirst step in that procedure by forwarding a command to the 
peripheral. Since all peripherals in the present system are memory mapped, 
primary processor 12 sends a command, appropriate to the decoded instruc- 
tion being executed, by attempting to "write" the appropriate command to 
20 the predetermined memory mapped location associated with peripheral 16, in 
this instance an address in the 5F2X (hex) range. Depending upon the 
nature of the floating point instruction being executed, primary processor 12 
will either send a "write" or a "read" command to peripheral 16. In 
addition, when execution of the floating point or any other distinctive 
25 instruction requiring its data directly from main memory begins, a special 
decode or X unction code is responsively placed on certain of the primary 
processor's output pins to signify that this instruction is one that will 
be taking its data directly from or sending it directly to main memory 2A. 

For purposes of clarity, it should be understood that if any peripneral 
30 requires data, that data is written to the peripheral by first reading it 
from memory. Thus, if peripheral 16 needs data, it must be conditioned to 
have that data written to it. Similarly, if peripheral 16 has finished 
manipulating data, the results are read from the peripheral and then 
written to memory. It will first be assumed that the instruction being 
35 executed requires peripheral 16 to perform an operation that will need 
data from main memory. 
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In response to such an instruction, primary processor 12 writes a "write" 
command to peripheral 16 and thereby to its associated memory mapped 
address, in this instance an address in the 5F2X (hex) range. The "X" 
signifies that the address can be completed by any hexadecimal value. At 
5 the same time, the function code output pins of primary processor 12 and 
signal lines 38 connected thereto are conditioned to logically reflect the 
nature of the particular instruction being executed. The function code is 
read by decoder 40 which responsively sets its Y3 output to a logical low 
whenever a floating point command is detected. This logical low signal is 
10 inverted by inverter 42 and applied to one input of OR gate 44. Thus, a 
function code indication of a command holds one input to OR gate 44 at a 
logical high. 

The writing of a command to the memory mapped address associated with 
peripheral 16 causes that address to be placed on bus 18 from where it is 

15 received and detected by address decoder 50. Its Y2 output is set to a 
logical low whenever a write to the 5F2X (hex) address block is detected. 
That decoder 50 output is connected to the inverted input 52 of AND gate 54. 
Thus, whenever an access is attempted to the predetermined block of memory 
mapped locations associated with the system peripherals, input 52 of AND 

20 gate 54 is set to a logical high. 

The other input 56 of AND gate 54 is connected directly to the Al address 
line of bus 18, the penultimate least significant bit thereof. This 
address line is used, as shall be explained, to provide a toggle between 
commands and data. When Al is logically low, the input 56 of AND gate 54 

25 is set logically high. Thus, whenever address bit Al is at a logical low, 
input 56 of AND gate 54 is set to a logical high. It will be observed that 
AND gate 54 is enabled, Its output line 58 is set to a logical high, only 
when a memory mapped peripheral address is accessed and address bit Al is 
logically low. Under any other set of input conditions, output line 58 

30 will be set at a logical low. 

When output line 58 is at a logical high, OR gate 44 will be enabled. As 
previously described, when the appropriate function code is detected, the 
other input line to OR gate 44 will be set to a logical high. Thus, a 
logical high at either input of gate 44 will set its output to a logical 

35 high. However, both input lines of OR gate 44 must be at a logical low to 
force its output to a logical low. The output 46 of OR gate 44 is connected 
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to the command/data inverted input pin 48 of floating point peripheral 16. 
When command/data pin 48 is set to a logical high, it causes peripheral 16 
to be conditioned to accept or transfer data. When command/data pin 48 is 
set to a logical low, it causes peripheral 16 to look for command advice. 

5 Having now conditioned peripheral 16 to accept a command, the next step is 
to advise the peripheral of the nature of the command. In the case of a 
"write", where data is to be read from memory and written to peripheral 16, 
the control logic responds as follows. Detection of the appropriate 
function code caused by the primary processor 12 writing an appropriate 
10 command to 5F2X also sets the inverted input 60 of AND gate 62 to a logical 
high. Inverted input 64 of AND gate 62 is set to a logical high for a 
memory read, required for a peripheral "write", and to a logical low for a 
memory write, required to "read" from the peripheral. 

The remaining inverted input 66 to AND gate 62 is conditioned by AND 
15 gate 68. When both inputs are set to a logical high, AND gate 68 is enabled 
causing its inverted output to be set to a logical low. This causes 
inverted input 66 of AND gate 62 to be set to a logical high. Input 70 of 
AND gate 68 is set high to indicate that no error condition exists. Input 72 
of AND gate 68 is set high to indicate that a System/370 memory access is 
20 to take place. When both of these conditions are satisfied, the output of 
AND gate 68 is enabled and then inverted to a logical low. 

When all of its inputs are inverted to logical highs. AND gate 62 has its 
output line 76 set to a logical high. This puts one input of the floating 
point write OR gate 78 at a logical high. When input 76 of OR gate 78 is 
25 set to a logical high, its output 80 is enabled and inverted thereby to a 
logical low. This sets the write command pin 82 of floating point 
peripheral 16 and conditions it to accept the data it will need to perform 
its floating point function. 

The other input to OR gate 78 is also derived fron a write to the memory 
30 mapped address associated with the floating point peripheral 16. It is 
provided for those instances where peripheral usage is required without 
invocation of a direct, single bus cycle, peripheral frox memory data 
transfer. When a write to that memory location is made. Jine 84 is set 
low. This signal is inverted by inverter 86 to a logical high whenever 
35 peripheral 16 is not busy. With output 88 of this invert, r .set to a logical 
EN9-83-029 
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high, the other input to floating point write enable OR gate 78 is set to 
a logical high. When input 88 of OR gate 78 is set to a logical high, its 
output 80 is enabled and set thereby to a logical low by inversion. This 
sets the write command pin 82 of floating point peripheral 16 and 
5 conditions it to accept the data it will need to perform its floating 
point function. 

Having now been commanded to accept data, peripheral 16 signals that it is 
ready by raising its ready line. This will eventually permit the start of 
a new bus cycle whereupon the primary processor will read the data needed 
10 by the peripheral 16 onto the data bus 22 from main memory 24. When that 
occurs, the data is forwarded to peripheral 16 by the bi-directional 
buffers 90 and 92, which are connected to the data bus. Buffers 90 and 92 
are normally conditioned to pass data, in this embodiment, toward the 
peripheral being accessed. 

15 Prior to a data read from main memory 24 and the appearance of data on the 
data bus 22, primary processor 12 6ets address Al bit to a logical high* 
This causes input 58 to OR gate 44 to be set to a logical low. At the same 
time, the function code changes to indicate a data write and not a command 
write, which brings output Y3 of decoder 40 to a logical high. This also 

20 sets the other input of OR gate 44 to a logical low. With both inputs low, 
OR gate 44 has its output held low and the command/data input pin 48 of 
peripheral 16 is set high, thereby indicating data is to be transferred. 
This conditions peripheral 16 to have the data written to it directly from 
the bus 22 and bidirectional buffers 90 and 92 without it first having to 

25 be read into and out of the internal registers of primary processor 12. 

A peripheral read, when manipulated data is to be transferred from the 
accessed peripheral to memory 24 is command conditioned in the same manner 
as was the peripheral write. Once the peripheral has been advised that it 
should expect a command by appropriately setting its input pin 48, primary 

30 processor 12 then initiates a peripheral "read" operation as follows. AND 
gate 96 is provided with three inverted inputs 98, 100 and 102. Input 98 
is connected by signal line 104 to receive an address strobe signal that 
is active low. Input 100 is connected to receive the Inverted output 106 
of AND gate 108. Input 102 is connected to reflect the type of main memory 

35 access to be performed by signal line 110. 
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The inputs 112 and 114 to AND gate 108 respectively reflect an address 
boundary error condition and a special function code detection from the 
output of inverter 42. Without said error and when the proper function 
code has been detected, AND gate 108 will be enabled setting its inverted 
5 output to a logical low and input pin 100 of AND gate 96 to a logical 
high. Similarly, a main memory write sets signal line 110 logically low 
and input 102 to a logical high. When the proper address strobe, active 
low, is received, AND gate 96 is enabled setting its output to a logical 
high. 

10 This sets input 116 to floating point read enable OR gate 118 to a logical 
high and enables gate 118. When enabled, gate 118 has its output 120 set 
by inversion to a logical low. Output 120 of read enable gate 118 is 
connected to the read pin 122 of peripheral 16. When set high, this pin 
conditions the peripheral to have data read therefrom. Output 120 of read 

15 enable gate 118 i6 also connected to the directional control pins 124 of 
the bidirectional buffers 90 and 92. When set high, these pins force the 
buffers to transfer data from the peripheral to the data bus 22. When a 
peripheral "read" is not required, output 120 will be at a logical high 
which sets the directional control pins 124 of buffers 90 and 92 to 

20 transfer data from bus 22 to the peripheral. 

The other input 126 to OR gate 118 is also derived from a write to the 
memory mapped address associated with the floating point peripheral 16. 
It is provided for those instances where peripheral usage is required 
without invocation of a direct, single bus cycle peripheral to memory data 

25 transfer. When a write to that memory location is made, line 128 is set 
low. This signal is inverted by inverter 130 to a logical high whenever 
peripheral 16 is not busy. With output of inverter 130 set to a logical 
high, input 126 to floating point read enable OR gate 118 is set to a 
logical high. When input 126 of OR gate 118 is set to a logical high, its 

30 output 120 is enabled and inverted thereby to a logical low. This sets the 
read command pin 122 of floating point peripheral 16 and conditions it to 
issue the data it will need to deliver in performing its floating point 
function. 

The implementation just described assumes that there are sufficient memory 
35 decodes available at the primary processor 12 to address all of memory and 

signal the special decode or function codes for a single bus cycle data 
EN9-83-029 
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transfer. If there are not enough memory decodes available, additional 
control circuit logic can be provided to engraft that function onto a 
recognition that a main memory data transaction is to be performed. 

Although the present invention has been described in the context of a 
5 preferred embodiment thereof, it will be readily apparent to those skilled 
in the appertaining art, that modifications and variations can be made 
therein without departing from its scope. Accordingly, it is not intended 
that the present invention be limited to the specifics of the foregoing 
description of the preferred embodiment. Instead, the present invention 
10 should be considered as being limited solely by the appended claims, which 
alone are intended to define its scope. 
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CLAIMS 

1. Apparatus (28) for effecting data transfer to and from a selected one 
of a plurality of memory mapped peripheral devices in a microprocessor 
implemented data processing system (10) having main storage means 
(24), control storage means (26) and a system bus (18, 22) to which 

5 said microprocessor (12, 14), peripheral devices (16) and storage 

means are connected, said apparatus being characterized by: 

a) a plurality of locations (30) in said control storage means (26), 
each having a unique address associated therewith, one each of 
said locations being mapped to a different one of said plurality 

10 of peripheral devices (16); 

b) first control logic means (40, 42, 44, 50, 54), connected between 
said plurality of peripheral devices and said plurality of memory 
mapped control storage locations, for detecting an access to any 
one of said memory mapped locations and for generating an initiate 

15 peripheral operation signal (46) in response thereto that will 

ready said peripheral (16) for operation upon receipt thereof; 

c) second control logic means (62, 68, 78, 86, 96, 108, 118, 130), 
associated with said microprocessor, for placing a peripheral (16) 
authorizing signal (80, 120) on the output thereof whenever said 

20 microprocessor (12) does a memory (24) access on behalf of a 

readied peripheral; and 

d) third control logic means (90, 92, 124), connected to and between 
said microprocessor, said accessed peripheral device and 6aid 
system bus, for granting system bus control to a readied peripheral 

25 in response to an authorizing signal (120) therefor* 

2. The apparatus according to claim 1 wherein said second control logic 
means includes circuit means (56) for toggling said authorizing 
signal (46) between logical off and on as a function of the condition 
of a predetermined address bit in the address of an accessed 

30 peripheral. 
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buffcrlng means (90, 92) having bidirectional data flow and a 
switchable input (124) which controls the direction of data flow 
therethrough, connected between said peripherals (16) and said system 
bus (22), for switching the direction of data flow to and from an 
accessed peripheral in accordance with a signal applied to said 
switchable input thereof. 

The apparatus according Co a previous claim wherein said second 
control logic means further includes means (64, 102) for differenti- 
ating the type of memory access to be made and for conditioning said 
accessed peripheral accordingly. 

A method of effecting data transfer to and from a selected one (16) 
of a plurality of memory mapped peripheral devices in a microprocessor 
implemented data processing system (10) having main storage means 
(24), control storage means (26) and a system bus (18, 22) to which 
said microprocessor (12, 14), peripheral devices (16) and storage 
means are connected, said method being characterized by the steps of: 

a) providing address and control signals from said microprocessor 
(12) for access of said main storage (24) and said memory mapped 
storage locations (30); 

b) monitoring (50) said memory mapped locations to determine when and 
which peripheral is being accessed; 

c) generating (50) a signal indicative of an access to a particular 
memory mapped location as a result of monitoring said location; 

d) sending (40, 42, 44, 54) a command signal (46) to said accessed 
peripheral (16) in response thereto; 

e) initiating (38) a memory cycle after access of said memory mapped 
location and sending of said command signal and generating a 
special rccmcry access signal (72, 110) indicative thereof; and 

f) intercepting (68, 62, 78, 80, 82, 96, 118, 120, 122, 124) the 
system bus (22) at an appropriate tine in reponse to the presence 
of said special memory access signal (72, 110). 
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buffcrlng means (90, 92) having bidirectional data flow and a 
Bwitchable input (124) which controls the direction of data flow 
therethrough, connected between said peripherals (16) and said system 
5 bus (22), for switching the direction of data flow to and from an 

accessed peripheral in accordance with a signal applied to said 
switchable input thereof. 

4. The apparatus according to a previous claim wherein said second 
control logic means further includes means (64, 102) for differenti- 

10 atlng the type of memory access to be made and for conditioning said 

accessed peripheral accordingly. 

5. A method of effecting data transfer to and from a selected one (16) 

of a plurality of memory mapped peripheral devices in a microprocessor 
implemented data processing system (10) having main storage means 
15 (24), control storage means (26) and a system bus (18, 22) to which 

said microprocessor (12, 14), peripheral devices (16) and storage 
means are connected, said method being characterized by the steps of: 

a) providing address and control signals from said microprocessor 
(12) for access of said main storage (24) and said memory mapped 

20 storage locations (30); 

b) monitoring (50) said memory mapped locations to determine when and 
which peripheral is being accessed; 

c) generating (50) a signal indicative of an access to a particular 
memory mapped location as a result of monitoring said location; 

25 d) sending (40, 42, 44, 54) a command signal (46) to said accessed 

peripheral (16) in response thereto; 

e) initiating (38) a memory cycle after access of said memory mapped 
location and sending of said command signal and generating a 
special memory access signal (72, 110) indicative thereof; and 

30 f) intercepting (68, 62, 78, 80, 82, 96, 118, 120, 122, 124) the 

system bus (22) at an appropriate tine in reponse to the presence 
of said special memory access signal (72, 110). 
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